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VACCINE AGAINST PASTEURELLA 



Background of the invention 

1 . Field of the invention , 

5 

This invention relates to a vaccine against bacteria of the genus Pasteurella , especially Pasteurella 
haemolytica , which is the organism responsible for pasteurellosis in sheep and one of those responsible for 
pasteurellosis in cattle, and Pasteurella multocida , which is another responsible for pasteurellosis in cattle. 

10 

2. Description of prior art ' 



Pasteurellosis is a common respiratory disease of sheep and cattle which may often lead to fatality, 
particularly in the case of young animals, and thus the prevention and control of this disease is of great 

75 importance to farmers engaged in the rearing of sheep and cattle. In sheep the disease appears as either a 
pneumonia or a septicaemic condition dependent upon the age of the infected animal and the strain of the 
infecting organism, whereas in cattle the disease is encountered primarily as a pneumonia in regions with 
temperate climates. Two biotypes of P . haemolytica have been identified, the A biotype generally associated 
with septicaemias in young lambs and pneumonias in older sheep, and the T biotype generally associated 

20 with- septicaemias in adult sheep, and within these two biotypes fifteen different serotypes (eleven "A" and 
four "T" serotypes) have beVnldehtifie'dr'Sero'fype A2 is particularly important in relation to sheep and A1 
in relation to cattle. 

It has been a problem to improve the antigenicity of commercial vaccines against pasteurellosis. The 
sheep vaccines comprise various strains of P. haemolytica , representing the more important of the biotypes 
1 25 and subtypes thereof. Cattle vaccines also comprise P. multocida . 

European Patent Specification 36995A (Norden Labs.) describes a live vaccine of Pasteurella 
haemolytica and multocida , attenuated to make them less pathogenic by culturing them in broth containing 
an acridinium compound. 

In UK Patent Specification 2023420A (Hoechst UK) a vaccine against Pasteurella haemolytica contains 
30 antigens said to be associated with the capsule of the bacterium. An extract of such antigens is prepared by 
heating and centrifuging the culture and collecting the supernatant. The precipitated cells are sterilised and 
washed. Both the supernatant and the washed cells are included in the vaccine. 

French Patent Specification 2182909A (Wellcome) or the corresponding UK Specification 1441098 
describe a vaccine component prepared from P. haemolytica or multocida by extracting a whole cell 
35 structure, lysate. or cell-free culture medium with a lower alkanol or lower alkyl ketone or "salting out" with 
a salt such as ammonium sulphate to precipitate endotoxin. Endotoxin is a lipopolysaccharide component 
present in the capsule of the organism. The endotoxin-free supernatant is re-treated with the solvent or salt 
(as before) at a high concentration, to precipitate the antigenic substance for use as a vaccine component. 
Another attempt at improvement is described in US Patent 4,346.074 or its European equivalent 203563 
40 (National' Research Development Corporation). These patents relate to a vaccine comprising as essential 
components capsular extract, especially ■ sodium salicylate extract, of the A1 serotype in combination with 
heat-killed cells of the A2 serotype, in the extraction process, the bacterial cells are centrifuged, shaken in 
sodium salicylate solution and then re-centrifuged and the supernatant is concentrated by dialysis. 

For a recent review of vaccination against pasteurellosis, see N. Gilmour and W. Donachie in "Science 
,45 and Quality Lamb Production" (Agricultural and Food Research Council, UK, 1985) pages 22, 23 and 28. 

Additional prior art is referred to after thp "Summary of the invention", without which its context would 
not be clear. 

50 Summary of the invention 

It has now been found that when Pasteurella organisms are grown under iron-restriction conditions, that 
is to say conditions restricting the availability of iron to the organism to less than it requires for normal 
growth in vitro , extraction of the outer membrane or of whole cell lysate give rise to a different protein 
profile from that obtained under normal growth conditions in vitro , that such an extract is more immunogenic 
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than a corresponding outer membrane extract of the organism grown under said normal growth conditions, 
and that this improved immunogenicity is associated with proteinaceous material produced under iron- 



material containing it have been found to be valuable in vaccinating animals against Pasteurella , especially 
5 P. haemolytica, at least of the same serotype. The novel proteinaceous material is novel in the sense that it 
is detectable when the organism is grown under iron-restriction conditions but not when it is grown under 
normal, i.e. iron-replete, conditions in vitro . It is immunogenic in the sense that it reacts in an immunoblot- 
ting test against the serum of a convalescent animal which has recovered from an infection by Pasteurella 
of the same serotype. 

io The novel proteinaceous material may comprise one or more individual molecules and may be a free 
protein or a bound protein such as a glycoprotein and the term "proteinaceous material", as used herein, is 
to be construed broadly as any material which will give rise to peptide band(s) upon g9l electrophoresis of 
the outer membrane extract containing it, The novel proteinaceous material is conveniently referred to 
herein as an "iron-restriction protein" or "IRP". I 

is According to an important aspect of the invention, therefore, there is provided an iron-restriction protein 
of Pasteurella , especially P. haemolytica , being a proteinaceous materia! present in (and isolatable from) 
Pasteurella grown under iron-restriction conditions, but not isolatable from Pasteurella grown under norma! 
(non-iron-restricted) conditions in vitro and which reacts in an immunoblotting test against serum of a 
convalescent animal which has recovered from an infection by Pasteurella of the same serotype. 

20 Inactivated whole cells of Pasteurella grown under iron-restriction conditions, including "bacterin", for 
the purpose of preparing a vaccine, are included within the invention. 

The invention further provides a killed vaccine against Pasteurella , especially P. haemoiytica , compris- 
ing an iron-restriction protein as defined above and an adjuvant 

Antibodies, especially monoclonal antibodies, including anti-idotype antibodies are also within the, 

25 invention. 

In countries where such protection is permissible, especially the United States, Australia and New 
Zealand, the invention also provides a method of vaccinating an animal against Pasteurella . especially P. 
haemolytica . which comprises administering to an animal susceptible to infection by Pasteurella a prophy- 
lactically effective amount of a proteinaceous material or of a vaccine as defined above. The invention 
30 further includes a method of passive immunisation wherein antibodies to said proteinaceous material are 
administered to the animal. 



Additional-deseription -of- prior- art 

35 

It is known that the different bacterium Escherichia coli secretes proteins which appear in an outer 
membrane extract of E. coli grown under iron restriction conditions but not under normal, iron replete, 
conditions in vitro . Under iron-restriction conditions, the organism appears to switch on (de-repress) a gene, 
normally repressed, which expresses a protein in its outer membrane which assists in iron-scavenging. Put 

40 simply, when the bacterial cell is starved of its proper iron requirement it takes steps to try to increase its 
supply by making a protein which acts as a receptor for an iron scavenger (known as a "siderophore") such 
as enterochelin. Iron restriction conditions can be created artificially by adding a good iron chelator, such as 
alpha, alpha-bipyridyl (also called alpha, alpha-dipyridyl), to the cell growth medium, whereby the* cell is 
stimulated to manufacture the iron receptor protein. See, for example, E. Griffiths et al., FEMS Microbiology 

45 letter 16, 95-99 (1983) and Infection and Immunity 47, 808-813 (1985). The introduction in the FEMS 
reference mentions some other organisms known to secrete enterochelin under iron-restricted conditions, 
including a Salmonella species which produces new outer membrane proteins. It is speculated in the FEMS 
reference that the outer membrane iron receptor proteins can act as "virulence factors" in the sense that 
they help a pathogenic bacterium acquire iron so that it would survjve longer in the host and thereby 

so prolong the infection. Pathogenic E. coli recovered from lethally infected guinea pigs were found to contain 
two iron restriction proteins as major components of the outer membrane extract. There is no suggestion, 
however, that other bacteria produce new outer membrane proteins (OMPs) in response to iron restriction or 
that such proteins would have any value as vaccine components. 

According to C.A. Boiin et al., Infection and Immunity 55 (No. 5), 1239-1242 (May 1987) the role of iron- 

55 regulated OMPs of E. coli as protective antigens had not previously been determined. Tnese authors report 
that passive immunisation with antibodies against iron-regulated OMPs protected turkeys against E. coli 
septicemia. 

A rejvi^w of mftthnris nf nrnrlnrinn trnn-rqptrirtprl harrfpnia hzs hppn niv/on hv P Stpvpncnn pnH P 



0 287 206 



Griffiths in the Methodology Section of "The Virulence of Escherichia coli ", Ed. M. Sussman. Society for 
General Microbiology Special Publication No. .13, Academic Press (1985) at pages 413 to 417. 

A. Norqvist et al., FEMS Microbiol. Letters 4, 71-75 (1978) have reported that iron starvation of 
Neisseria gonorrhoeae produces new protein bands by gel electrophoresis of an outer membrane extract 

5 U.S. Patent 4,681,761 (Mietzner et al) issued July 21, 1987 describes a major iron-regulated protein of 

N. gonorrhoeae and its use as a vaccine component Its molecular weight is about 37 KDal. and it is 
produced by the action of the cationic detergent cetyl trimethylammonium bromide to selectively solubilise 
the IRP from the gonococcal membranes. 

When Pasteurella multocida was passaged many times (up to 200) in an iron-deficient medium, it was 

70 reported to have decreased virulence (sic), as measured by the LO50 in mice, and in one case, a decrease 
of immunogenicity also, see K.-D. Rossmann et at, Zeitschrift fur Aligemeine Mikrobiologie 24, 231-237 
(1984). This reference appears therefore to provide a negative teaching in relation to the invention. In any 
case, the invention is not concerned with attenuation by repeated passaging. 

M.J. Gentry et al., Amer. J. Vet Res. 47. 1919-1923 (1986) studied the production of cytotoxin by P. 

is haemolytica A1 in various media containing iron -containing and iron-binding compounds and concluded that 
a certain minimum concentration of iron as well as the presence of a suitable carrier molecule 
. (siderophore) might be critical for the efficient production of cytotoxin by P. haemolytica ^ 

G.H. Shand et at. Infection and Immunity 48, 35-39 (1985) grew some gram-negative bacteria isolated 
from human urine under iron-sufficient and iron-restricted conditions, extracted outer membrane proteins 

20 (OMPs) and compared their profiles by gel electrophoresis. Some high molecular weight OMPs were 
present only when iron-restricted conditions had been used. They were weakly immunogenic when 
immu no blotted against patients' serum. For two of the organisms, Klebsiella pneumoniae and Proteus 
mirabilis , these OMPs unique to iron-restriction conditions were also found in the same bacteria allowed to 
grow in the urine of patients suffering from urinary tract infections, 

25 H. Anwar et al.. FEMS Microbiology Letters 29, 225-230 (1985) showed that when Pseudomonas 
aeruginosa is grown under iron-depleted conditions at least six high molecular weight proteins are found in 
the OMP profile which are not ordinarily present A patient suffering from burns and consequently acute 
infection by P. aeruginosa produced antibodies to OMPs including one of these iron-restricted membrane 
proteins. .The paper says that if these findings are confirmed by further investigations, they may have 

30 importance in the design of protective protein vaccines and immunotherapy of burns patients infected by P. 
aeruginosa . 

Brief description of the accompanying drawings ' 

35 

Figure 1 is a section through the cell wall structure of P. haemolytica showing the outer membrane; 

Figure 2 shows stained gel electrophoresis profiles of proteins obtained from outer membrane 
extracts of P. haemolytica serotype A2 grown under normal and iron-restricted conditions; 

Figure 3 shows an immunoblot of P. haemolytica A2 proteins from a gel similar to Figure 2 against 
40 serum from convalescent lambs' infected with P. haemolytica A2; 

Figure 4 shows stained gel electrophoresis profiles of proteins obtained from outer membrane 
extracts of five different serotypes of P. haemolytica; 

Figures 5 and 6 are analogous to Figures 2 and 3 respectively . but relate to P. multocida ; and 

Figure 7 is an immunoblot of an IRP of the invention against sera of convalescent, uninfected and 
45 vaccinated lambs. 



Description of the preferred embodiments 

so The invention is applicable to P. haemolytica organisms of biotype A or T. but biotype A is the more 
important epidemiologically. Within biotype A, serotype A2 is the most important in the vaccination of sheep 
and A1 in the vaccination of cattle. At present it is proposed to formulate the vaccine for homologous 
serotype use, i.e. an IRP derived from serotyp A2 would be used to protect against infection by A2. It is 
confidently believed that within a given serotype an IRP derived from one strain will protect against infection 

55 ■ by another strain. Thus, the invention includes a polyvalent vaccine containing IRPs from all the pathologi- 
cally important Pasteurella serotypes. For sheep this includes at least serotype A2 and preferably also at 
least A1, A6, A7 and A9. For cattle it includes at least serotype A1 and preferably also at least A2 and P. 
multocida. 
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The major IRP for P. haemolytica serotype A2 has a molecular weight of about 70,000 Daltons, as 
determined by gel electrophoresis. The molecular weight of the major IRP for other A serotypes of P. 



Another IRP has a molecular" weight of about 30 to 35 kiloDaltons and is hereinafter referred to for 
s brevity as "the 35 kDal protein". There are minor IRPs of other molecular weights included within the 
invention. 

The essential requirement for the vaccine is that it contains at least one IRP of a Pasteurella organism. 
The IRP can be provided in many different formulations. For example, a whole cell vaccine can be 
formulated in which the cells of Pasteurella grown under iron-restriction conditions are killed by treatment 

to with formalin (aqueous formaldehyde) or heat, for example at 60°C for 20 minutes, or (by way of 
precaution) both methods. Particularly preferred is a bacterin preparation. (Bacterins are formalin-killed 
whole cells together with associated toxoids). Alternatively, any method of extraction by which outer 
membrane proteins are recovered can be used. One simple method is to extract cell envelopes which 
contain the outer membrane. These envelopes can be recovered by sonicating the cells. A preferred 

75 method of extraction is capsular extraction, which extracts the capsule of the organism including the outer 
membrane. One useful method of capsular extraction is that in which sodium salicylate is used: see US 
Patent 4,346,074 or European Patent 20356B mentioned above. 

By way of explanation of the terminology used to describe the Pasteurella organism, see Figure 1 of the 
accompanying drawings, showing a schematic cross-section through the cell wall of the organism. Referring 

20 to the drawing: ! 
"1 " indicates the polysaccharide capsule; 

"2" indicates the outer membrane incorporating lipopolysaccharide ("LPS"); 

"3" indicates the layer of rigid peptidoglycans joined to the outer membrane through lipoprotein , 
("LP") and protein ("P"); 
25 "4" indicates the inner membrane incorporating phospholipid ("PL"); 

"5" indicates the envelope; 
"6" indicates the cytoplasm. 
A "capsular extract" will- in practice contain more than the capsule 1. Thus, for example a sodium 
salicylate extract (SSE) extracts the capsule 1 , outer membrane 2 and peptidoglycan layer 3. 
30 It is, of course, possible to isolate the IRP and use it as such, for example by preparing a monoclonal 
antibody (MCA) to it. by conventional hybridoma technology, e.g. using mouse spleen - mouse myeloma 
cell fusion, and subsequently using the MCA (immobilised on a column) to isolate the IRP from cellular 
extracts, and then recovering the IRP from the column. 

^Antibodies-can-also~be™raised-againsHhe-monoclonal™-or~polyelonal-antibodies-to~the-IRP-and~sueh — 

35 raised antibodies are known as anti-idiotype antibodies and can themselves be monoclonal or polyclonal. 
The anti-idiotype antibodies are selected to have immunogenic properties similar to those of one at more of 
the original IRPs. 

In formulating the vaccine, the proteinaceous material can be combined with any of the usual adjuvants 
in veterinary vaccines, typically those based on aluminium compounds. The aluminium hydroxide gel 
40 adjuvant "Afhydrogel" (believed to be a Registered Trade Mark in some countries) is especially suitable. 
Preferably antigenic material is absorbed on to "Alhydrogei" and the resultant suspension optionally < 
emulsified with a suitable oil, such as "Bayol F" preferably containing 10% "Arlacel A". The words "Bayoi" 
and "Arlacel" are believed to be Registered Trade Marks. The vaccine can also include other components, 
for example a preservative. 

45 The concentration of antigenic material in the vaccine may be varied as desired, for instance; in 
accordance with the dose rate of the vaccines, and in this respect the normal dose used is generally about 
1-2 ml. Generally each dose of vaccine comprises 0.1 to 20 mg of antigenic material, especially from 0.5 
mg up to 10 mg, e.g. about 5 mg, of antigenic material of each serotype included within the vaccine. 

For prevention and control of pasteurellosis,. e.g. for use in agricultural animal husbandry, the vaccines 

so of the invention are administered to adult or juvenile animals, e.g. sheep or cattle, usually in the form of a 
subcutaneous injection. The animals may be vaccinated soon after birth to provide the animals with 
protection against pasteurellosis at an early stage in their lives. Also, vaccination may be carried out at 
particular periods of the year to provide protection against customary seasonal outbreaks of pasteurellosis. 
For example sheep flocks may be vaccinated in late spring or thereabouts with vaccines according to the 

55 invention comprising P. haemolytica A serotype antigenic material) to provide protection against the 
outbreaks of pneumonic pasteurellosis which customanly occur in sheep flocks during the summer. 
Pregnant ewes can' also be vaccinated. • 
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occurs or is -expected. 

The invention further provides a process of preparing a vaccine component which consists of or 
includes an IRP, the process comprising growing the Pasteurella in a nutrient medium depleted in available 
iron, whereby the bacteria grow at a slower rate than normal, and optionally inactivating the bacteria or 

5 extracting from the cells material comprising outer membrane proteins. 

The 70 kDa! protein can be isolated from whole cell lysates or from outer membrane extracts. The 35 
kDal protein has so far been isolated only from whole cells, but it would be possible to isolate it from an 
appropriate extract. It would also be possible to prepare these proteins by a recombinant DNA method, 
using monoclonal antibodies to detect their translation from mRNA, and thereby to identify cDNA clones. 

to The invention includes these proteins per se, howsoever prepared or synthesised, chemically or biotech- 
nologically, alone or fused with, conjugated to or complexed to other compatible proteins, and howsoever 
isolated, but preferably so as to be free from association with live cellular material. 

The cells can be grown in any medium appropriate to the normal growth of the Pasteurella but which 
has been made iron-deficient Examples of such normal growth media are broths based on meat digests 

75 such as GI3CO No. 2. OXOID, Brain Heart Infusion or Trypticase-Soy Broth. To make the media iron- 
deficient any iron chelator or binder can be used, so long as it is compatible with growth of the Pasteurella 
bacteria in culture. Examples of suitable iron-chelators are alpha, alpha-bipyridyl of formula: 



20 




25 nitrilotriacetic acid of formula: 

H00C-CH 2 - N-CH 2-COOH 
I 

30 CH 2 -COOH 

certain ethylenediamine-acetic acid compounds such as diethylene-triaminepentaacetic acid (DETPA), of 
os formula: 

H00CCH 2 CH2COOH 

40 M-CH2CH2-N-CH2CH2-N 

/ i N 

HOOCCH2 CH 2 CO0H CH 2 C00H 

and desferoxamine of formula: 

NH 2 (CH2)5N-C(CH2)2CNH(CH2)5N.C(CH2)2CNH(CH2>5N-CCH 3 

I II II I II II I II 

HO 0 0 HQ 0 0 HO 0 

(and salts or derivatives of any of these compounds which do not interfere with their chelating action.) 
S5 Desferoxamine methanesulphonate is available commercially as "Desferal" (believed to be a Registered 
Trade Mark) from Ciba-Geigy AG, as an antidote to iron poisoning. 

Care must be taken, however, not to' use a chelating' agent which binds other elements essential to the 
survival of the bacteria in preference • to iron. EDTA. for example, is unsuitable from this viewpoint. The 
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currently preferred chelating agent is alpha, alpha-bipyridyl. 

The proportions of chelating agent to be used must be carefully controlled. Too great a concentration 
.1—..-.- u — ^^ o^Art wf jr-rtrv that thou .do nntornw/ . .at. .all.. An insufficient amount wiILallow_ merely 
normal growths. In general terms, the optimal rate of growth at which to aim is one in which there is 

5 multiplication of the bacteria! culture to at least 100 times the initial concentration in 6 hours when it is 
incubated at 37 6 C on a shaker. In the absence of ah iron-resiricting agent, a typical rnuiupiicaiiuu umuw 
these conditions would be about 1000 times. The optimal concentration of chelating agent can be readily 
found by simple trial based on these criteria. For alpha, alpha-bipyridyl it is between 80 and 200, preferably 
between 100 and 200 micromolar. For DEPTA it is about between 25 and 500. preferably 50 to 200 

w micromolar. 

Of course any other means of depleting the iron can be employed, there being no necessity to use a 
chelating agent in the medium in which the bacteria are being grown. For example, the medium could be 
pre-treated to remove iron by an ion-exchanger, for example "Chelex 100" from Biorad, and a defined low 
concentration of iron added to the medium. 
15 Another possibility is to use a natural bacterial growth medium which already contains iron-binding 
proteins. Thus, a mammalian serum such as horse serum, suitably diluted if necessary, could be used. 

The cells can be grown otherwise under the normal conditions applicable to Pasteurella , for example in 
air, without shaking, at a temperature of from 25 to 41 8 C, preferably about 37° C. 

The invention is applicable to many different species of Pasteurella including P. haemotytica , P. 
20 multocida , P. piscicida and P. anatipestifer . The vaccine can be used for the prophylaxis of any of the 
diseases associated with Pasteurella , e.g. any of the following diseases caused by P. haemolytica : 
pneumonia in sheep, cattle, deer and goats, septicaemias in many species of animals; any of the following 
diseases caused by P. multocida : pneumonias in pigs and cattle; atrophic rhinitis in pigs, fowl cholera in 
chickens, turkeys and~ducks, encephalomyelitis in buffalo, and snuffles and pneumonias in small mammals 
25 such as hamsters, rabbits and mink; as well as diseases in ducks caused by P. anatipestifer and fish 
caused by P. piscicida . In each case an IRP of the homologous species and type would normally be used. 
The following Examples illustrate the invention. 



30 EXAMPLE 1 



Preparation of sodium salicylate extracts 

f Miaemolytica -A2-wa5^row^ BrQth No - 2 (* 

35 trypsin digest of ox heart), with and without the addition of alpha, alpha-bipyridyl to a concentration of 150 
micromolar. The final concentration of cells was about 10 s cells/ml in the case of normal growth and 10 7 
cells/ml in the case of iron restricted growth in the medium containing alpha, alpha-bipyridyl. The cells were 
harvested by centrifugation and the supernatant liquid was discarded. The cells were washed in phosphate- 
buffered saline, pH 7.4 ("PBS"), resuspended in one tenth of the volume of 1M aqueous sodium salicylate, 

40 shaken vigorously for 3 hours at 37° C. centrifuged and the cetlular debris removed. The resultant sodium 
salicylate extract ("SSE") was concentrated by ultrafiltration through an exclusion membrane which allowed 
low molecular weight material (of m.w. 100,000 Daltons or less) to pass through. At this stage the IRP was 
in the form of aggregates which were retained by the membrane. The retained material was concentrated 
tenfold, e.g. from 300 ml to 30 ml. It was then dialysed against PBS and then against distilled water at 4°C. 

45 The product was freeze-dried to a white fluffy solid. 



Vaccine preparation and trial 

so Vaccines were prepared as follows. The freeze-dried SSE' of P. haemolytica grown with and without 
iron-restriction, prepared as above, was homogenised with an equal part by weight of "Alhydrogel" adjuvant 
and with distilled water to a concentration of 2.5 mg SS&'ml of vaccine. Three week old specific pathogen- 
free (SPF) lambs were vaccinated on Day 0 and revaccinated on day 28. each time with a 1 ml dose of 
vaccine, then infected intratracheal and intranasatly with parainfluenza virus type 3 (PI3) (10 5 TCIDso'-ml) 

55 on day 35 and an aerosol of P. haemolytica A2 strain x 205A (approx 4 * TO 7 cfu/litre) on day 42. Other 
three-week old SPF lambs were used as unvaccinated controls. (P.I3 is a well-known inducer of P. 
haemolytica experimentally). 

The Iambs were observed for 6 davs fdavs 43-48) after exDOSure to the P. haemolvtica aerosol and 
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clinical .scores of the degree of illness suffered were recorded. 13 of the 28 Jambs, six in the SSE without 
iron-restriction group and seven unvaccinated. died or were killed because of severe illness within 6 days of 
challenge. The remaining lambs were killed in random order on day 49 and the lungs of all lambs were 
examined. 

The results obtained are given below in Table 1 below. As can be seen, the results were excellent, a 
remarkable degree of protection being conferred on the lambs by the vaccine of the invention. 



Group 



No. 
lambs 



No. dead 
lambs 



No. 1 ambs 
with lung 
1 esions 



No. 

lambs with 
i nfected 
1 unqs 



SSE IRP 
(according to 
the invention) 



SSE 13 6 9 8 

(Comparative) 1 



7 7 7 7 



EXAM PLE 2 

I 

The effect of iron restriction on the antigenicity of P. haemolytfca A2 was examined by SDS-PAGE and 
immunoblotting. Cells of P. haemolytica (Strain * 205) were grown in GI3C0 nutrient broth No.2 (Nb) 
containing "Desferal", in Nb containing alpha, alpha-bipyridyl (AABP) and in 80% horse serum/20% P3S, 
as described in Example 1. Envelopes (cell wall material containing outer membrane proteins) were 
prepared from the bacterial cells by resuspending them in distilled water and sonicating them for 6 x 30 
seconds in a MSE Sonicator. The unbroken cells were removed by centrifugation at 3000 cj for 20 minutes. 
The supernatant was centrifuged at 40,000 g for 45 minutes to pellet the envelopes, which were then 
washed twice in distilled water. 

For comparative purposes, cells of the same P. haemolytica A2 strain grown "in vivo " were obtained 
from the pleural fluid of specific pathogen free (SPF) lambs which had been exposed to an aerosol of the 
same A2 strain and had developed pneumonia with pleural exudate. The pleural fluid was removed from the 
opened thorax with a sterile 25 ml pipette and between 100 and 1000 ml of fluid could be obtained. This 
fluid was then centrifuged at 1000 £ for 10 minutes to remove red blood ceils and other unwanted particles 
in the fluid. Bacterial cells were pelleted by centrifugation at 3000 ^ for 20 minutes. These cells were 
washed 3 times in isotonic saline and stored at -20 °C. *" 

The various preparations were subjected to SDS-PAGE using a 3% acrylamide stacking gel and a 
12£% acrylamide separating gel. The gel was stained with Coomassie Blue dye. 

Referring now to Figure 2 of th9 drawings which shows the gel. the arrow indicates the novel IRP of the 
invention. The tracks .are as follows:- 

1 . A2 cell envelopes grown in vivo . 

2. A2 cell envelopes grown in nutrient broth (comparative). 

3. A2 cell envelopes grown in 80% horse serum. 

4. A2 cell envelopes grown in nutrient broth +' AABP (200 micromolar). 

5. A2 cell envelopes grown in nutrient broth + "Desfera( M (2 mg/ml). 

3. Molecular weight markers as iisted below. The molecular weight markers were as follows: 

8 



Unvacci nated 
control s . 
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w 



Number 


ComDonent 


. Hoi wt 


1 


Beta-gal actosidase 


116,000 


2 


■ . • w - r • • w i j i a jc w 


3 / , 000 


3 


Ovotransferrin 


76-80,000 


4 


A1 bumin 


56,250 


5 


Ovalbumin 


45,000 


6 


Chymotrypsinogen A 


25,700 


7 


Myoglobin 


17,200 


8 


. Cytochrome C 


12,300 



(broad band) 



20 



25 



30 



It will be seen that the IRP appears in tracks 3. 4 and 5, where the cells were grown under iron 
estncfton cordons and that there is a faint band in track 1 . (Note: the band at about 30.000 Datn in 
tracks 1 to 5 ,s. of course, not the "35 kDal" IRP referred to above and in Examples 5 and 6) 

For the immunoblotting. convalescent sera were obtained from SPF lambs which had been exposed to 
^o aerosols of the same A2 strain, with a 4 week interval between these challenges. The sera were Sen 

hLmllt- SXP0SUre - ^ W8re Sh ° Wn t0 h3Ve hiah «tres 9 of antibody ^ P 

haemolytica A2 in a spectfic enzyme-linked immunosorbent assay (ELISA) ~ 

rh 9e ',^ ndS 25 3bOVe f ° r R9Ure 2 WSre fransferre d to a nitrocellulose membrane by electro-blottina 
The n.tro-ce.luose membrane filter with the proteins bound thereto was cut into strips and al lowed to rea* 
with the convalescent serum diluted 1 in 40 in blot wash buffer (PBS/TWEEN SO/EDTA/NaPl ™f I 

sssr Tsr t de,ec,ed by washing the strips in «* 

be led w,th -»| ^ash.ng in blot wash buffer and autoradiography. Referring now to Figure 3 in which the 
tacks correspond with tracks 1-5 of Figure 2. it will be seen that the IRP reacted positive.^ Tn al | he 
relevant tracks (i . 3. 4 and 5). but did not react in the comparative track 2. This indicates that the % is 
associated with the high antigenicity of the preparations of the invention 



EXAMPLE 3 



3S 



A2 AB A7 ,n To P S 2 ' Ce " 9nV9 ' 0peS WSre Prepared from P - naem 0 |ytica serotypes A1 

M h 9r ° W c nUtnent br0th ' With and With0Ut a,pha ' alpha.bi P y-ri d yl(AA3P). A n A2 £ vivo" 

sample prepared as in Example 2 was again included. SOS-PAGE was carried out as in Example 2 to 

S is ^fotr " " R9Ure ^ 7,10 3rrOW i0diCateS ^ ma - ,HP "« - *■ identiSZVthe 

1. Molecular weight markers as in Example 2. 

2. A2 cell envelopes grown in vivo . 

3. A9 cell envelopes grown in nutrient broth + AABP, 

4. A9 cell envelopes grown in nutrient broth. 

5. A7 cell envelopes grown in nutrient broth + AABP. 

6. A7 cell envelopes grown in nutrient broth. 

7. A6 cell envelopes grown in nutrient broth + AABP. 

8. A6 cell envelopes grown in nutrient broth. 

9. A2 cell envelopes grown, in nutrient broth + AABP. 
^ 10. A2 cell envelopes grown in nutrient broth. 

11. A1 cell envelopes grown in nutrient broth + AABP. 

12. A1 cell envelopes grown in nutrient broth. 

13. Molecular weight markers as in Example 2. 

It will be seen that the molecular weight of the IRP is about the same in all the tracks reoresentino can, 
grown under .ron-restriction (tracks'3. 5, 7, 9^and 11) and also occurs in the "in ii-^^S? 

Immunoblotting by the procedure of Example 2 but against convalescent 7e7u^ of only the A2 serotvn* 
showed that only the A2 IRP reacted. This suggests that although the major 

molecular wetght. they are serotype-specific. t 9 Sam9 
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EXAMPLE 4 

The Example shows that IRPs are also produced by two P. haemoiytica T serotypes. 
Cell envelopes were prepared by the procedure of Example 2, from P. haemoiytica T10 grown in 80% 
5 horse serum/20% PBS and in GIBCO nutrient broth No.2 (Nb) containing 2 mg/ml. "Desferal" and from P. 
haemoiytica T15 grown in 80% horse serum/20% PBS and in Nb containing AABP at 200 U.M concentra- 
tion. SDS - PAGE and staining were carried out as in Example 2 along with an A2 cell envelope preparation 
from Example 2. The T type samples displayed new or significantly denser bands in the region of 70 kDal 
molecular weight. 



EXAMPLE 5 

Pasteurella multocida , type A strain was grown in 50 ml nutrient broth, with and without 150 micromolar 

r5 AA3P, for 18h at 37°C. The cells were harvested by centrifugation. washed once in PBS, pH 7.4, 
resuspended in distilled water and sonicated. Whole cells remaining after sonication were pelleted by 
centrifugation at 2.800 g and the supernatant centrifuged at 40,000 g to pellet cell envelopes. The -cell 
envelopes were adjusted to 1 mg/ml protein and separated by SDS-PAGE in 12.5% acrylamide-resotvtng 
gels. After electrophoresis, one portion of the gel was stained with Coomassie blue while the other portion 

20 was Western-blotted to transfer proteins to nitrocellulose' paper. The blotted material was reacted with sera 
from mice which had capsules containing live P. multocida type A implanted in their peritoneal cavities in 
order to stimulate antibodies to in vivo grown P. multocida cells. 

Figure 5 shows the electrophoretic gels for molecular weight markers (as set out in Example 2) in track 
1, the preparation from nutrient broth-grown P. multocida (grown without AABP) in track 2 . and the 

25 preparation from P. multocida grown with AABP in track 3. Track 3 showed a weakly staining band in the 70 
kDal region present in the track' of AABP-grown cell envelopes, but not present to the same degree in that 
of the nutrient broth-grown cell envelopes. The immunoblot of the AABP-grown envelopes as shown in 
Figure 6, with tracks 2 and 3 corresponding ( to 2 and 3 of Figure 5. and different molecular weight markers 
in track 1, gave a strongly immuno-reacting doublet in the same molecular weight region, around 70 kDal, 

30 not present in that of the nutrient broth-grown envelopes. These are ascribed to IRPs. This is similar to the 
results obtained for P. haemoiytica A2. A minor band, at around 35 kDal, is also unique to the immunoblot 
of AABP-grown envelopes, i.e. is not present in the nutrient broth-grown envelope profile. This is considered 
. to be the minor IRP of the invention, which is described as having m.w. about 30 to 35 kDal. 

35 

EXAMPLE 6 

This Example concerns the identification, extraction and antigenic analysis of the 35 kDal protein in P. 
haemoiytica cells grown under iron restriction conditions. 
40 Cells of P. haemoiytica A2 (strain Y5 10) were grown GIBCO nutrient broth No.2 with and without the 

addition of AABP 150 micromolar). The cells were harvested by centrifugation and washed in PBS (pH 7.4) 
before use in vaccination. 

lodination of whole cells with radioactive iodine was carried out under conditions that favour iodination 
of surface proteins, i.e. low temperature, short reaction time and using intact log phase cells. Thus, one 
45 Pierce Jodpbead (chloramine T immobilized on a solid phase), 1 ml of P. haemoiytica cells and 2 milliCuries 
of iodine - 125 were reacted for 5 minutes at room temperature, the liquid removed, 250 microirtres of 50 
nanomolar 2-mercaptoethenol added and after waiting for 1 minute, 1 % w/v potassium iodide solution and 
P3S were added. The resultant protein material was washed three times with PBS. 

Whole cell lysates separated on SDS PAGE and stained for total protein with Coomassie blue showed a 
so characteristic complex staining pattern that is similar in cells grown in high and low iron conditions. 
Autoradiography of iodinated cell proteins separated by SDS-PAGE reproducibly identifies a subset of some 
20 proteins that are possibly associated with the cell surface. 

The autoradiographic patterns of cells grown in conditions of iron sufficiency or restriction clearly differ 
in their banding patterns. Those grown in conditions of restricted iron exhibit additional bands at approxi- 
55 mately 35, 70 and 100 kDal. 

To purify these proteins for use in - vaccination, whole cell lysates solubilised in SM guanidine 
hydrochloride were fractionated at 30 °C by reversed phase HPLC. The column used was a Polypore PLRP- 
S-100A-5LL The solvents were 0.1%' Trifluoroacetic acid (TFA) in water, and 0.1% TFA in acetonttrile. A 



10 
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10 



15 



20 



oov nf oi'/ TFA in water/1% of 0.1% TFA in acetonitrile for the 
solvent gradient was used, starting with 99-= > otu . acet onitrUe for the next 5 minutes and a 

first s m inutes.the_n_9 5 ^ 

.oectroscopically by reference to the UV ^sorpt-on^pectrum^^ ^ ^ cells grown under 

profiles demonstrated a clear difference ... a*.-^ ^ ^ ak b SDS p AGE and by two 
iron-restricted conditions. Analyse of ^^^^^ o{ & peak is a 35 kDal protein with a 

oel filtration. . n , Drotem evokes an immune response in a natural 

" Western blotting provided evidence that the (7a) and blot (7b ). similar to that of 

infection in sheep. Fig. 7 of the drawings, ^ in rep.ete and in iron depleted media 

Figures 2 and 3 and similarty obtained. Whole ^ ^f^ an(j bed with se rum from SPF lambs 
were separated by SDS-PAGE. transf erred ^^^^^ was detected by horseradish 
as described in Example 2 except that ^J^g^^ by la b9lled pig anti-sheep IgG. F.g. 7a 
peroxidase (HHP) conjugated donkey ant,sheep ' ^ Rg . 75 is a Western blot of the gel of 



25 Claims 



30 



35 



40 
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2. A proteinaceous material according to Claim 1 iso.aia 

Pasteurella . . , iso | atab i 9 f r0 m a whole cell lysate of Pasteurella.. 

— TA^oteinaceous materia according to Ojm 1 . sola tab e f 0 ^ ^ by 

4. A proteinaceous material according to Claim 1. * y 
T erelec^phoresis.of-about-70 kiloDattons mol __ |aT , weightras . deterrnio e d .by-gel_ 

5 A proteinaceous material according to Claim i or j na y 

B ,ectrophoresis of about 30 » 35 idtoDJJ^ wh9rein ^ Pasteure |la is Pjsleurejla 

6 A proteinaceous material according to any pre*.* (y 

^^TAVoSn^materi, according to Claim 6 wherein the Pj— a is Pu^ h^emp^ of 
"TA'proteinaceous materia, according to Cairn 7 wherein the P^ste^ f^emojyjca is of serotype A1 
or ^ . , „r,nn to anv oreceding Claim wherein the iron-restriction conditions are 

bipyidyl- ar . ror dina to Claim 10 wherein the concentration of alpha, alpha-bipyridyl 

11. A proteinaceous material according 10 u.a.m 

is from 50 to 200 micromolar. . the jron che | a ting agent is 

vaccine against pasteurellosis. . D . w . ir -| ia is as defined in Claim 6, 7 or 8. 



10, 11 or 12. 
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16. A vaccine against Pasteurella comprising a proteinaceous material as defined in any preceding 
claim together with an adjuvant. 

17. A vaccine according to Claim 16 comprising killed whole cells of Pasteurella grown under iron- 
restriction conditions, together with an adjuvant. 

18. A vaccine according to Claim 17 comprising bacterin of cells grown under iron-restriction conditions, 
together with an adjuvant. 

19. A vaccine according to Claim 16 comprising an outer membrane extract of Pasteurella grown under 
iron-restriction conditions, together with an adjuvant. 

20. Antibodies to a proteinaceous material claimed in any one of Claims 1 to 12. 

21. Antibodies according to Claim 20 which are monoclonal. 
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